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Abstract 
Engineering education has undergone major changes since the World War II when it was found that new discoveries were not 
made by engineers but instead by scientists. Practical training in the laboratory was once emphasized but now has shifted towards
the knowledge of basic science and mathematics so that engineers are able to produce new materials, new methods and new 
designs from basic principles. A few decades later, a new problem exists when students and engineers do not really see the 
relationship between basic knowledge and real engineering problems. This paper suggests a method to overcome this problem 
where students, in the first semester, are given actual engineering problems and are required to solve them by applying their basic 
knowledge. Since they have not been exposed to engineering knowledge yet, they would then have to apply their basic 
knowledge to come up with a conceptual solution to a problem.   
© 2011 Published by Elsevier Ltd. Selection and/or peer reviewed under responsibility of the UKM Teaching and Learning 
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1. Introduction 
The ability to apply basic knowledge is one of the most important learning outcomes as it is listed as the first 
Learning Outcome in the American Accreditation Board for Engineering and Technology (ABET) (ASCE, 2004). 
Similarly in Malaysia, the same outcome is listed in the accreditation manual of the Malaysian Board of Engineers’ 
Engineering Accreditation Council (EAC). To achieve that, engineering education in Malaysia has to emphasize 
basic knowledge to ensure that graduates have the ability to apply the knowledge. Engineering education at 
Universiti Kebangsaan Malaysia (UKM) has also placed a great deal of emphasis on basic knowledge so that 
students can solve engineering problems from the basic level. Lecturers, however, often raise the issue of students’ 
lack of ability to relate basic knowledge to engineering problems. Feedback from employers also reveals that 
graduates do not really see the link between basic knowledge and engineering problems. From the students’ point of 
view, they see this basic knowledge as difficult and not quite useful. This would be a waste of knowledge as when it 
was introduced after World War II, it had helped engineers solve engineering problems innovatively by applying the 
basic principles (Feisel and Rosa, 2005). 
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2. The Position of Basic Knowledge of Engineering 
Before World War II, engineering education was conducted through practical training in the laboratory. After the 
war, many inventions and discoveries were produced by individuals who were trained as scientists rather than 
engineers. Due to this, engineering educators had to revise their engineering curriculum and included basic courses 
such as mathematics, physics and chemistry so that engineers could identify the basic problems (Feisel and Rosa, 
2005).  
In a study conducted on Australian graduates, one of the obvious shortcomings involving the graduates was the 
lack of creativity and problem solving skills apart from lack of oral communication skills (Nielsen, 2000). In the 
case of UKM, students’ inability to grasp and apply basic knowledge to solve engineering problems has always been 
one of the issues discussed especially at the faculty’s coordination and curriculum overview meetings. The problem 
is evident especially when students are taught engineering courses using problem-based learning method as well as 
in the capstone project.    
Such shortcoming can be viewed from two angles. One from the integration of basic and engineering knowledge 
and the other is by relating basic knowledge to actual engineering problems.
3. Integrating Basic Knowledge with Engineering Knowledge 
Integrating and relating basic knowledge with engineering knowledge has always been the problem not only to 
lecturers but also to students. Students cannot relate basic knowledge to engineering and feel that it is not useful, 
resulting in many engineering students in the United States changing their courses in their first year. Among the 
suggestions to overcome the problem is by encouraging collaboration among lecturers and by carrying out design 
projects as learning activities (Froyd and Ohland, 2005). 
Collaboration among lecturers is of utmost importance especially for first year students. Collaboration here refers 
to exchanging of information, project sharing involving two or three courses, or even class sharing. The experience 
of information sharing between a computer programming course with material and survey courses has managed to 
attract the interest of civil engineering students towards programming. Computer programming which was once seen 
as not useful, now has become an interesting course and has significantly improved students’ examination grades. 
After a year, they can still use their programming skill to solve difficult engineering problems.  
4. Relating Basic Knowledge to Actual Engineering Problems 
Relating basic knowledge to actual engineering problems is crucial as it is the main aim why it was introduced in 
engineering education. The method that can be used is Problem Based Learning or Project Based Learning which is 
commonly used at institutions of higher learning. This however can also be used at the lower level where students 
are taught the basic knowledge. Aalborg University in Denmark has been using the method at all levels since it was 
established in 1974 (Dym et al., 2005). 
Problem/Project Based Learning is not something new. It was first used in 1968 in the McMaster University’s 
medical program in Canada. At almost the same time, Michigan State University also implemented it for its medical 
program (Smith et al., 2005). 
The advantage of Problem/Project Based Learning is that learning occurs actively as students learn to do 
something meaningfully. They directly apply the knowledge to solve problems and see for themselves whether the 
solution works or not, and would keep trying until they arrive at the best solution. With such experience, students 
gain full understanding of the problem and at the same time, they acquire the skill (Felder and Brent, 2003). 
In the Computer Programming course, students are required to work on a project in groups of 3 or 4 students. The 
course is offered to first year first semester students, so they barely know each other and have little knowledge of 
engineering. In spite of this, they are given a project to develop a fairly complex Expert System application. The 
project requires them to obtain information within the chosen problem domain and to write a quite complex program 
to develop an application which is user friendly. Class teaching is conducted for 8 weeks, while the rest of the 6 
weeks are used to complete the project in the laboratory or any place they prefer. At the end of the semester, they 
will have to perform a demonstration and explain their programming code.   
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This method results in students acquiring more knowledge than what is taught in class by finding out new 
information not taught in class, and at the same time they gain programming skill in order to prepare a user friendly 
application. Furthermore, they learn other skills such as teamwork and communication skills. 
5. Cornerstone Design Project 
Too much basic knowledge and engineering theory has led the industry to question university graduates’ ability 
to apply the knowledge learned. As a result, the capstone design project, an actual project given by the industry, was 
introduced in the United States for final year students (Dym et al., 2005). It was introduced to the Universiti 
Kebangsaan Malaysia’s Civil Engineering & Structure as well as Civil Engineering & Environment programs in 
2004. In this project, students have to apply and integrate all the knowledge learned since primary school to solve 
various problems.  
The same concept can be applied to first year students who often feel lost when it comes to solving engineering 
problems. These students can be given actual design problems and they have to find the solution by using their 
existing knowledge. Thus, students are able to integrate their knowledge, relate it to engineering problems and at the 
same time develop their teamwork skills. This kind of project first developed in the United States at the end of 1990 
and is known as cornerstone design project (Dym et al., 2005).   
The cornerstone project is basically the same as the capstone project but is more conceptual since students have 
yet to learn engineering knowledge in their first year. However, it is critical since it is considered a cornerstone in 
engineering education, resulting in new courses developed to enable students to design (Dym., 2004).  
It is basically a group project and is normally an actual project given by the industry. The advantages of the 
cornerstone project in the United States are obvious, especially to weak students. Studies have shown that it has the 
following advantages (Dym et al., 2005): 
x Encourage students’ interest in engineering 
x Increase the number of students who complete their engineering studies 
x Enhance students’ motivation towards learning basic knowledge at higher levels 
x Improve students’ performance in completing the capstone project. 
In the cornerstone project, despite students’ limited knowledge in engineering, the following have to be taken 
into account (Dym et al., 2005): 
x Focus on learning, not teaching. The lecturer’s job is to facilitate, not to lecture. 
x Pay attention to human aspects such as culture and values. 
x Design projects must be properly designed. 
The human aspects are crucial in design. Engineers normally go straight to finding the solution to a problem 
before carefully thinking about the problem with the design. They have to see it in a larger context such as from the 
environment, social and even spiritual aspects. Students must understand that they cannot separate themselves from 
the design produced, which means that their mind and soul have to become part of their design (Dym et al., 2003). 
6. Conclusion and Recommendations 
Students’ lack of ability to relate basic knowledge to engineering problems is one of the problems that has been 
identified. As a result, the main aim of introducing the basic knowledge after World War II could not be achieved. 
To overcome this, engineering program courses have to be integrated and directly linked to actual engineering 
problems. Therefore, cornerstone design project needs to be introduced to first year students. With five years’ 
experience in the United States, it has shown that the project not only can integrate and relate basic knowledge to 
actual engineering problems, it can also incorporate cultural, social, environmental and even spiritual elements. 
Furthermore, it can enhance students’ spirit and ability especially for the weak students.  
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